Recently, mixed phenotype acute leukemia (MPAL) with t (9; 22) (q34; q11.2); bcr-abl1 was described as one kind of acute leukemia of ambiguous lineage in the 2008 World Health Organization Classification of Tumors of Hematopoietic and Lymphoid Tissues. However, treatment strategy remains difficult for this uncommon MPAL. In addition, this type of MPAL is at high risk of tumor lysis syndrome (TLS) because of high chemo-sensitivity. Here, we report a MPAL with t (9; 22) (q34; q11.2); bcr-abl1 case that suffered from life-threatening cerebral bleeding associated with disseminated intravascular coagulation (DIC) with TLS after bcr-abl positive acute lymphoblastic leukemia (ALL) type induction therapy who was successfully treated with recombinant human thrombomodulin (rhTM). This case reached complete remission without additive cerebral bleeding. In conclusion, bcr-abl positive ALL type induction therapy was effective for MPAL with t (9; 22) (q34; q11.2); bcr-abl1 and rhTM was effective against DIC with TLS.
Introduction
Mixed phenotype acute leukemia (MPAL) with t (9; 22) (q34; q11.2); bcr-abl1 was described as one kind of acute leukemia of ambiguous lineage in the 2008 World Health Organization (WHO) Classification of Tumors of Hematopoietic and Lymphoid Tissues [1] . Sometimes, patients are found to have high WBC counts of more than 1.00 × 10 11 /L [2] . In addition, this very rare leukemia is sensitive to chemotherapy. Therefore, it is considered that this type of MPAL is at high risk of tumor lysis syndrome (TLS) [3, 4] . If TLS happens, rapid release of procoagulant materials, or enzymes from blasts, or the fibrinolytic activity of leukemic cells themselves is thought to cause disseminated intravascular coagulation (DIC) [5] .
DIC is a lethal complication because it is followed by multiple organ failure (MOF) or bleeding [6] . Conventional treatment of DIC has been administration of heaprin. Other agents such as antithrombin (AT) and activated protein C (APC) have been used [7, 8] . However, these are not better alternatives which have clear efficacy over heparin in the treatment of DIC. Furthermore, there is reluctance to use these agents in patients of severe bleeding. Recombinant human soluble thrombomodulin (rhTM) has been developed as a novel agent against DIC and has been examined in a randomized clinical trial in Japan [9, 10] . The efficacy of this agent over heparin is that the resolution of DIC was significantly better in the group treated with rhTM than in the group treated with unfractionated heparin (UFH) and the incidence of bleeding-related adverse reactions was significantly lower in that with rhTM than in that with UFH [10] .
This report shows a patient with mixed phenotype acute leukemia with t (9; 22) (q34; q11.2); bcr-abl1 who suffered life-threating cerebral hemorrhage due to DIC
Case Report
A 49-year-old man with a month-term cough and slight fever was admitted to our hospital on November 4, 2011. Hematological examination revealed that hemoglobin was 8.8 g/dL, white blood cell count was 406,100/µL, blast cell count was 361,400/µL, and platelet count was 3. (Figures 1(a), (b) , and (c)). These findings suggested mixed phenotype acute leukemia according to the WHO Classification of Tumors of Haematopoietic and Lymphoid Tissues. The patient was treated with acute lymphoblastic leukemia (ALL) induction protocol: cyclophosphamide (CPA), daunorubicin (DNR), vincristine (VCR), and prednisolone (PSL). Chromosome analysis showed complex abnormalities, including +6, +8, and +der (22), in addition to t (9; 22) (q34; q11.2) (i.e., Philadelphia chromosome) ( Figure 2 and Table 1 ). Fluorescence in situ hybridization (FISH) analysis for the BCR/ABL fusion gene revealed 100 (cells/100 cell). Therefore additional clinical and laboratory findings subsequently confirmed the diagnosis of MPAL with t (9; 22) (q34; q11.2); bcr-abl1. The patient was treated with imatinib when the Philadelphia chromosome was shown 7 days after the start of induction therapy. Clinical course is shown in Figure 3 and laboratory data is shown in Table 2 .
After administration of induction therapy, the patient's blast cell count decreased to 145,200/µL. However, the patient showed a loss of consciousness on the second day of induction treatment. Urgent examination with computed tomography (CT) showed cerebral hemorrhage and infarction (Figure 4(a) the International Society of Thrombosis and Hemostasis [11] . Although the patient had already been treated for DIC with rhTM at the time of his cerebral hemorrhage, we continued to use rhTM as an agent for DIC control (rhTM, 180 IUkg per day). Even though on the 4 th day of induction therapy, FDP levels increased temporarily, they deceased from the 5 th day. Increased fibrinogen levels over 100 mg/dL were already observed on the third day of induction therapy. TAT and PIC levels were 7.1 µg/L and 5.2 µg/mL on the 14 th day of induction therapy. Consciousness was gradually recovered from the 4 th day of induction. Although follow-up CT examination 6 days after the first exam showed slight exacerbation of hemorrhage, no prognosis was observed on day 11 ( Figures  4(b), (c) ). Examination of bone marrow aspirate revealed the rate of blasts was 0.4%, and FISH showed a rate of fusion signals of 5% on the 35 th day of induction therapy. The patient achieved complete remission.
Discussion
MPAL with t (9; 22) (q34; q11.2); bcr-abl1is a very rare type of acute leukemia [1, 2, 12] . MPAL cases have been classified as biphenotypic acute leukemia (BAL) on the basis of the EGIL scoring system [13] . The WHO classification has established and published new criteria for the diagnosis of BAL. It has also adopted a new designation for this disease, now termed MPAL [1] . Among them, MPAL with t (9; 22) (q34; q11.2); bcr-abl1 is categorized when blasts have either the t (9; 22) (q34; q11.2) translocation detected by classical karyotyping, or when the bcr-abl gene is detected by FISH or polymerase chain reaction. Sometimes, patients are found to have high WBC counts of more than 1.00 × 10 11 /L [2] . Sensitivity to induction therapy is good; however, the relapse rate is very high [2, 14, 15] . 1-year estimated overall survival rate was very low, even if patients achieved complete remission. There are no agreed treatment protocols for patients with MPAL with t (9; 22) (q34; q11.2); bcr-abl1. Some investigators reported that induction treatment with combined acute myeloblastic leukemia (AML)/ALL drugs led to a high rate of early deaths, so it was recommend that induction therapy should be with either AML or ALL drugs followed by stem cell transplantation for younger patients [2, 14, 15] . In addition, the impact of administration of imatinib has also been reported [2, 14, 15] . Furthermore, it was reported that there was no apparent difference in survival between patients with bcr-abl positive MPAL and matched patients with bcr-abl positive ALL [14] . Our patient was also treated with ALL type monotherapy combined with imatinib as induction therapy and achieved CR, similar to the literature. These facts may indicate that bcr-abl positive ALL type therapy fol-Leukemia with t (9; 22) (q34; q11.2); Bcr-Abl1 lowed by stem cell transplantation would be standard therapy in the future for this very rare MPAL. Further study is warranted.
TLS is can be a life-threatening complication during induction chemotherapy in patients with acute leukemia [3, 4] . Risk factors of TLS were defined as high WBC count, high uric acid, high LDH, and high creatinine levels. In many cases, the rapid release of procoagulant materials or enzymes from blasts or the fibrinolytic activity of leukemic cells themselves is thought to cause DIC [5] . Conventional therapy for DIC with TLC in hematologycal malignancy used heparin or serine protease inhibitor (SPI) as an anticoagulant agent. However, it is difficult to use heparin for DIC with bleeding because of worsening of complications and SPI because of not being enough to control DIC. Thrombomodulin (TM) is an endothelial anticoagulant factor, which is a kind of thrombin receptor that forms a 1:1 complex with thrombin. In this complex, thrombin activates protein C to produce activated protein C (APC), which inactivates factors Va and VIIIa. Thus, TM converts thrombin from a procoagulant protease to an anticoagulant [16] . A phase 3 randomized study demonstrated that the DIC resolution rate in an rhTMtreated group (65.6%) was significantly higher than that in a heparin-treated group (45.9%). In the rhTM-treated group, the number of patients which were not able to continue to be administrated rhTM was two of 116 patients, because of bleeding related adverse reactions, while in the heparin-treated group; this number was 7 of 115 patients [10, 17] . TM also has a unique amino-terminal structure exhibiting anti-inflammatory activity. TM binds to high-mobility group box 1 (HMGB1) and helps to digest HMGB1 by thrombin. HMGB1 was identified as a lethal late-phase mediator and is suspected to be correlated with the development of DIC during sepsis [18, 19] . Our patient was found to have high WBC counts, high LDH, high uric acid, and high creatinine levels. Therefore, we performed generous intravenous hydration and oral allopurinol before induction chemotherapy according to recommendations [3] . However, this case suffered life-threatening cerebral bleeding because of severe DIC with TLS. We considered the severity of DIC with TLS; therefore, we decided to treat DIC with rhTM and transfusion of coagulation factors (i.e. transfusion of fresh frozen plasma). Our patient achieved CR without additive bleeding. rhTM is not only an anti-coagulation drug but also has an anti-inflammatory effect via the HGMB1 path-way.
In conclusion, bcr-abl positive ALL type induction therapy was effective for MPAL with t (9; 22) (q34; q11.2); bcr-abl1 and rhTM was a very powerful weapon against DIC with TLS. A prospective study should be done to establish treatment strategies for this very rare MPAL.
